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* NOTICES * 

JPO and NClPi are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the buffer layer which contains an oxide thin film with the laminating thin film which 

grew epitaxially on Si substrate — having — said buffer layer top — or (100) (001) the 

laminating thin film which has the perovskite mold oxide thin film of orientation, and has the 

ferroelectric thin film which grew epitaxially on said perovskite mold oxide thin film. 

[Claim 2] The laminating thin film of claim 1 with which said perovskite mold oxide thin film has 

insulation. 

[Claim 3] The laminating thin film of claims 1 or 2 which have a conductive thin film between said 
perovskite mold oxide thin films and oxide thin films of a buffer layer. 

[Claim 4] said perovskite mold oxide thin film — PbTi03 from — one becoming laminating thin 
film of claims 1-3. 

[Claim 5] One laminating thin film of claims 1-4 with which said ferroelectric thin film consists of 
PZT. 

[Claim 6] The electron device which has one laminating thin film of claims 1-5. 
[Claim 7] the buffer layer which contains an oxide thin film on Si (100) substrate — forming — 
subsequently (100) — or (001) the manufacture approach of a laminating thin film of carrying out 
epitaxial growth of the perovskite mold oxide thin film of orientation, and carrying out epitaxial 
growth of the ferroelectric film on it. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the laminating thin film containing a ferroelectric 
thin film, its manufacture approach, and the electron device equipped with this laminating thin 
film. Said laminating thin film is applied to the thin film piezo electric crystal component used for 
the thin film vibrator used for the record medium which is made to carry out polarization reversal 
of the ferroelectric with thin film ferroelectric components, such as a semiconductor memory 
and an infrared sensor, or an AFM (atomic force microscope) probe, and records information, a 
mobile transmitter, etc., a thin film VCO, a membrane filter, a fluid injector, etc. 
[0002] 

[Description of the Prior Art] In recent years, the ferroelectric film is formed on Si substrate 
which is a semiconducting crystal substrate, the integrated electron device is devised, and it 
inquires briskly. For example, semiconductor memories, such as a nonvolatile memory, a thin film 
bulk wave resonator (Film Bulk Acoustic Resonator : FBAR), a thin film VCO, a membrane filter, 
etc. are mentioned. In these electron devices, in order to secure the optimal device property and 
its repeatability, for the disturbance of the physical quantity by the grain boundary, it is difficult 
to acquire a good device property, and an epitaxial film near the most perfect possible single 
crystal is desired with the polycrystalline substance. Moreover, since polarization shafts are the 
[001] directions many of ferroelectrics, in order to obtain outstanding strong dielectric 
characteristics, it is desirable [ the epitaxially grown ferroelectric film ] that it is orientation 
(001). 

[0003] as the typical thing of a ferroelectric thin film — PbTi03, PZT, and BaTi03 etc. — a 
perovskite mold oxide is mentioned. In order to carry out epitaxial growth of these perovskite 
mold oxide thin films easily on Si single crystal substrate, this invention persons have proposed 
the approach currently indicated by JP.9-1 10592,A etc. 

[0004] Among these ferroelectric thin films, since PZT is also an ingredient equipped also with 
the outstanding piezo-electric property, it it not only shows a property desirable as a 
ferroelectric, but is one of the ingredients with which the application to various electron devices 
is expected most by carrying out epitaxial growth to up to Si. 

[0005] Although the attempt which forms PZT on Si substrate is made partly until now, it is the 
film which carried out orientation to bearing (111) of the many (101) etc.. or the polycrystal film, 
and it is very difficult to carry out epitaxial growth of the PZT film on Si substrate. 
[0006] Under such circumstances, this invention persons show how to grow ferroelectric thin 
films, such as PZT, epitaxially in orientation (001) on Si (100) substrate in above-mentioned 
JP,9-1 10592.A and JP.10-223476A JP.1 1-26296A etc. 

[0007] the result to which this invention persons repeated examination to ferroelectric thin films, 
such as these epitaxially grown PZT(s), and the electron device with which the ferroelectric thin 
film was used — Si (100) substrate top — first — PbTi03 etc. — it found out that the 
ferroelectric film which was further excellent in the property was obtained by carrying out 
epitaxial growth of the perovskite mold oxide thin film, and carrying out epitaxial growth of the 
ferroelectric film, such as PZT, on it. 
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[0008] until now — the substrate of perovskite mold ferroelectrics, such as PZT, — PbTi03 etc. 
— the structure in which ferroelectrics, such as PZT, were formed on it is known by making a 
layer into a substrate. 

[0009] For example, after forming conductive coats, such as Pt r through buffer coats, such as Ti, 
on substrates, such as Si, and forming a substrate dielectric layer by the spatter on it, the 
structure which formed the perovskite mold oxide dielectric layer by the spatter is indicated by 
JP,6-5741 1 A and it is indicated by it that a dielectric thin film with few crystalline outstanding 
pinholes is obtained by this. Moreover, the dielectric thin film which has the laminated structure 
of the perovskite mold dielectric film which does not contain Zr, and the perovskite mold 
dielectric thin film containing Zr is indicated by JP,6-290983,A, and it is describing by it that a 
dielectric thin film is producible at the substrate temperature of 500 degrees C or less. At JPJ- 
99252A when the manufacture approach which forms the lead titanate film on a substrate and 
forms the titanium-zirconate lead film on it, and the semiconductor device are indicated and it 
forms a PZT thin film with a sol-gel method, that it is effective in making it fall by 100 degrees C 
is describing the phase transition temperature from a pyrochlore phase to a perovskite phase, 
the main insulator layer which consists of PZT etc. in JP,6-89986,A, and PbTi03 etc. — from — 
the structure where the becoming subinsulator layer has touched indicates — having — **** — 
MOCVD — in case the ferroelectric film of polycrystal is produced using law, it excels in 
crystallinity and it is supposed that the ferroelectric film with little leak can be formed. 
[0010] It is the polycrystal film, and generally, each above example is difficult to obtain the 
crystalline good film, when the ferroelectric film is made to form on the electrode of polycrystal. 
in such a case, PbTi03 etc. — forming a substrate layer and forming ferroelectric film, such as 
PZT, on it — PZT — comparing — PbTi03 In order that the direction may tend to form the 
nucleus of a perovskite mold, crystallization of PZT is urged and it is supposed that 
crystallization temperature and formation temperature can be lowered or crystallinity can be 
improved. 

[001 1] on the other hand — the epitaxial film on a substrate — PbTi03 etc. — there is the 
following in the example by which the substrate layer is examined. In JPJ-172984A in an 
example, Pt is formed on MgO and the initial layer of a PLT thin film and the main deposit of a 
PZT thin film are formed on it. Among these, since it is describing that the initial layer of PLT is 
a nearly perfect epitaxial film, it is thought that the PZT main deposit on it is an epitaxial film or 
the crystalline film near it. In this official report, it is supposed by forming the initial layer of PLT 
that PZT can be formed at temperature lower 50 degrees C than the case where there is no 
initial layer. The structure which formed the perovskite mold ferroelectric thin film which uses Pb 
and Ti as a principal component as the 1st layer on a substrate, and the perovskite mold 
ferroelectric thin film which uses Pb, Ti, and Zr as a principal component as the 2nd layer on the 
GaAs substrate is indicated by JP,7-193135A In the example of this official report, forming PLT 
as the 1st layer, forming PZT as the 2nd layer on a GaAs (100) substrate, and forming a 
crystalline good thin film thereby till then supposes that the thin film which carried out 
orientation to the c-axis of difficult PZT or PLZT was obtained. 

[0012] thus — the epitaxial film on a substrate — PbTi03 etc. — although there is an example 
in which the substrate layer is examined, there is no example which is the ferroelectric film 
which grew epitaxially on Si substrate, and was examined, since [ moreover, ] the ferroelectric 
film makes the crystal of a perovskite structure in agreement with the atomic arrangement of 
the crystal on the front face of a substrate and deposits it from the beginning of growth, when 
epitaxial growth is carried out on Si substrate by the approach indicated by JP.9-1 10592.A by 
these people and JP,1 0-223476A JP.11 -26296, A. etc. — PbTi03 etc. — a substrate layer is 
not formed but the epitaxial film of nearly-perfect-crystal nature is obtained also for **. the 
epitaxial film on Si substrate — setting — PbTi03 etc. — having the property in which the 
ferroelectric thin film formed using the substrate layer of a perovskite mold oxide was excellent 
compared with the case where a substrate layer is not used will not be found out without this 
invention. 
[0013] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is offering the 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgLeije 



2006/04/10 



JP,2001-313429,A [DETAILED DESCRIPTION] 



3/12 ^— v 



laminating thin film which contains the ferroelectric thin film which was further excellent in the 
property on Si substrate, its manufacture approach, and the electron device which has the 
laminating thin film. 

[0014] Moreover, it aims at offering the record medium which is made to carry out polarization 
reversal of the ferroelectric using the laminating thin film containing the ferroelectric thin film of 
the outstanding property by this invention formed on Si single crystal substrate which is a semi- 
conductor with thin film ferroelectric components, such as a thin film piezo electric crystal 
component used for the thin film vibrator used for a mobile transmitter etc., a thin film VCO, a 
membrane filter, a fluid injector, etc., a semiconductor memory, and an infrared sensor, or an 
AFM (atomic force microscope) probe, and records information. 
[0015] 

[Means for Solving the Problem] Such a purpose is attained by this invention of following the (1) 
-(7). 

(1) the buffer layer which contains an oxide thin film with the laminating thin film which grew 
epitaxially on Si substrate — having — said buffer layer top — or (100) (001) the laminating thin 
film which has the perovskite mold oxide thin film of orientation, and has the ferroelectric thin 
film which grew epitaxially on said perovskite mold oxide thin film. 

(2) The laminating thin film of the above (1) with which said perovskite mold oxide thin film has 
insulation. 

(3) The above (1) which has a conductive thin film between said perovskite mold oxide thin films 
and oxide thin films of a buffer layer, or (2) laminating thin films. 

(4) said perovskite mold oxide thin film — PbTi03 from — one becoming laminating thin film of 
above-mentioned (1) - (3). 

(5) One laminating thin film of above-mentioned (1) - (4) with which said ferroelectric thin film 
consists of PZT. 

(6) The above (1) Electron device which has one laminating thin film of - (5). 

(7) the buffer layer which contains an oxide thin film on Si (100) substrate — forming — 
subsequently (100) — or (001) the manufacture approach of a laminating thin film of carrying out 
epitaxial growth of the perovskite mold oxide thin film of orientation, and carrying out epitaxial 
growth of the ferroelectric film on it. 

[0016] 

[Function] In the laminating thin film with which this invention persons 4iave the ferroelectric thin 
film which grew epitaxially on Si substrate The result of having repeated examination to the 
ferroelectric thin film and the electron device using the ferroelectric thin film, Si (100) substrate 
top — first — PbTi03 etc. — it found out that the ferroelectric film which was further excellent 
in the property was obtained by carrying out epitaxial growth of the perovskite mold oxide thin 
film, and carrying out epitaxial growth of the ferroelectric film, such as PZT, on it. 
[0017] And if the laminating thin film containing the ferroelectric thin film of the outstanding 
property by this invention formed on Si single crystal substrate which is a semi-conductor is 
used The thin film vibrator, the thin film VCO, membrane filter which are used for a mobile 
transmitter etc., It is very useful in case it applies to various fields, such as a record medium 
which is made to carry out polarization reversal of the ferroelectric with thin film ferroelectric 
components, such as a thin film piezo electric crystal component used for a fluid injector etc., a 
semiconductor memory, and an infrared sensor, or an AFM (atomic force microscope) probe, and 
records information. 
[0018] 

[Embodiment of the Invention] Or the laminating thin film of this invention grew epitaxially 
through the buffer layer on Si substrate (001) (100), the perovskite mold oxide thin film of 
orientation is formed, and the ferroelectric thin film which grew epitaxially on said perovskite 
mold oxide thin film is formed. 

[0019] In addition, it means that the field exists that a thin film is orientation (001) in this 
specification almost in parallel (001) with a film surface. 

[0020] The single orientation film in this specification means the thing of the crystallization film 
with which the target crystal face is equal to a substrate front face and parallel. When 
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measurement by the X diffraction (XRD) is performed, specifically, it is the film of the maximum 
peak intensity of the field which the reflective peak intensity of things other than the field made 
into the purpose makes the purpose which is 5% or less preferably 1 0% or less, for example, the 
single (00L) orientation film, i.e., the c~th page single orientation film, — 10% or less of the 
maximum peak intensity of the field (00L) reflection of reflectivity other than a field (00L) by 
membranous 2 theta-theta X diffraction — desirable — 5% or less of thing — it is . in addition, 
this specification — setting (00L) — the field of a sequence (001) — namely, (001) — etc. (002) 
etc. — it is the display which names an equivalent field generically. 

[0021] Moreover, in this specification, an epitaxial film needs to be single orientation film 
mentioned above in the first place. The second condition of the epitaxial film in this specification 
is that a crystal is assembled in both the direction of a x axis, the direction of the y-axis, and 
the direction of the z~axis, and is carrying out orientation, when the inside of a film surface is 
made into a x-y side and the direction of thickness is made into the z-axis. Such orientation can 
be checked by the sharp pattern of the shape of the shape of a spot and a streak being shown 
by RHEED evaluation. For example, when turbulence is in crystal orientation in the buffer layer 
to which irregularity exists in a front face, the shape of a sharp spot does not become but a 
RHEED image shows the inclination extended in the shape of a ring. It can be called an epitaxial 
film if the two above-mentioned conditions are satisfied. 

[0022] Moreover, in this specification, although the epitaxially grown film contains an epitaxial 
film, it also contains the thin film which is an epitaxial film and is domain structure film at a room 
temperature at the time of growth. In the case of tetragonal perovskite mold oxide thin films, 
such as a PZT thin film, it grows up as an epitaxial film (100) of a cubic [ growth temperature ], 
after growth, while cooling, phase transition is carried out to ******, and the 90-degree domain 
structure film with which orientation (100) and orientation (001) are intermingled is also 
contained. 

[0023] Hereafter, the gestalt of operation of this invention is explained to a detail. 
[Buffer layer] The buffer layer used by this invention carries out the laminating of the conductive 
thin film on the things which carried out the laminating of the monolayer of an oxide, or two or 
more oxides, or those oxides. A buffer layer is prepared between perovskite mold oxide and a 
substrate, and has the role which makes high quality carry out epitaxial growth of the perovskite 
mold oxide on Si substrate. A buffer layer functions again also as an etching stopper layer at the 
time of beer hall etching processing of the function as an insulator, a FBAR component, etc. The 
buffer layer which carried out the laminating of the conductive thin film functions also as an 
electrode. If a ferroelectric thin film is formed on a conductive thin film, various electron devices, 
such as a thin film bulk resonator with a good property, will be realized. 

[0024] In order to obtain a crystalline good ferroelectric thin film, it is necessary to form a buffer 
layer as an epitaxial film near a single crystal, an approach [ which is shown in these people's 
JP,9-1 10592.A to such a demand ], i.e., Si single crystal substrate, top — Zr02 of orientation 
(001) the layer containing a thin film, a fully-stabilized-zirconia thin film, a rare-earth-elements 
oxide thin film, etc. — preparing — a this top — BaTi03 etc. — from — it is desirable to use 
the approach of forming the perovskite layer of the orientation becoming (001) and forming the 
conductive thin film which consists of Pt etc. on this perovskite layer. It is because Pt cannot 
serve as orientation (1 1 1) or polycrystal and Pt (100) single orientation film cannot be formed, if 
preparing a perovskite layer forms Pt thin film directly on Zr02 (001) thin film. This is Zr02. It is 
because the grid mismatching of a field (001) and Pt (100) side is large, so it grows up 
considering a field stable (1 1 1) in energy as a growth side rather than it grows up considering a 
field as a growth side rather than Pt grows epitaxially namely, (100). 

[0025] The laminating thin film indicated by JP,1 1-31 2801, A may be used for a buffer layer. 
Since the conductive thin film is formed on the buffer layer which has a facet, the laminating thin 
film indicated by this official report is BaTi03. It is not necessary to form perovskite mold thin 
films of plural presentations, such as a thin film. Therefore, a good crystalline epitaxial 
conductivity thin film can be produced more easily. It is the description that, as for the buffer 
layer indicated by this official report, an interface with a conductive thin film includes a (1 1 1} 
facet side. Since this buffer layer is the epitaxial film of cubic (100) orientation, tetragonal (001) 
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orientation, or monoclinic system (001) orientation, that facet side is a {1 1 1} facet side. A 
conductive thin film grows epitaxially as {1 1 1} orientation film on the (111} facet side of a buffer 
layer. With growth of a conductive thin film, the crevice constituted by the facet side is filled, 
and finally, the front face of a conductive thin film becomes flat, and it becomes parallel [ this 
front face ] to a substrate front face. Although this front face turns into a cubic (100) side, it 
may turn into a tetragonal (001) side by distortion of a crystal lattice etc. 
[0026] The conductive thin film prepared in the front face on which the facet side of a buffer 
| ayer exists grows filling the crevice constituted by the facet side, as mentioned above, and 
finally, a conductive thin film front face becomes flat, and it becomes parallel to a substrate front 
face. 

[0027] Although the conductive thin film is usually the cubic epitaxial film in which the field (100) 
carried out orientation to the film surface at parallel, a crystal may deform it with stress, for 
example, it may turn into an epitaxial film of tetragonal (001) orientation. 

[0028] As for a conductive thin film, it is desirable to use at least one sort of Pt, Ir, Pd, Rh, and 
Au as a principal component, and it is desirable to consist of alloys containing the simple 
substances of these metals or these metals. Moreover, a conductive thin film may be a 
laminating thin film which consisted of two or more sorts of thin films with which presentations 
differ. A conductive thin film may be a laminating thin film of a metal thin film and a conductive 
oxide thin film. In the case of the laminating thin film, the insulating thin film may be formed 
between the layers of each conductive thin film. 

[0029] A conductive thin film can impress electric field etc. to functional thin films, such as a 
ferroelectric thin film formed on it, effectively. 

[0030] 1Q-500nm of thickness of a conductive thin film is 50-200nm more preferably. If too thin, 
crystallinity and front-face nature will be spoiled. If too thick, the resonance characteristic will 
be spoiled when it uses for piezo electric crystal components, such as FBAR. When the buffer 
layer from which a buffer layer front face is constituted by the facet side is used, in order to 
bury the irregularity of a buffer layer, it is desirable to set thickness to 30nm or more, and 
thickness, then sufficient surface surface smoothness 100nm or more are obtained. Moreover, in 
order to make it fully function as an electrode, it is desirable to set thickness to 50-500nm. 
[0031] the specific resistance of a conductive thin film — desirable — 10-7-103 omegacm — 
more — desirable — 10-7 to 10-2 It is omegacm. In addition, it sets like the formation fault of a 
buffer layer between a buffer layer and Si substrate, and is Si02. Although a layer may arise, it is 
this Si02. A layer is expected to be formed when Si front face oxidizes after a buffer layer 
begins to grow epitaxially, and there is what checks the epitaxial growth of a buffer layer. [ no ] 
Therefore, this Si02 The layer may exist. 

[0032] [Perovskite mold oxide thin film] The perovskite mold oxide thin film is formed in contact 
with the buffer layer top. 

[0033] In order that a perovskite mold oxide thin film may make good the crystallinity of the 
ferroelectric film formed on it, it is necessary to grow epitaxially to a buffer layer. When a 
perovskite mold oxide thin film is a cubic (100), it is desirable that it is the epitaxial film which 
carried out single orientation. Although it is desirable that it is the single orientation film when it 
is ****** (001), you may have 90-degree domain structure of orientation (100) and orientation 
(001) with the stress from Si substrate. 

[0034] As for a perovskite mold oxide thin film, it is desirable to have insulation. The specific 
resistance of a perovskite mold oxide thin film is 103 preferably. It is 106-1012 more preferably 
more than omegacm. It is omegacm extent. 

[0035] As an ingredient of a perovskite mold oxide thin film, BaTi03, PbTi03, and rare-earth- 
elements content lead titanate are desirable, and it is PbTi03. It is still more desirable. PbTi03 
Then, it becomes easy to form Pb system ferroelectric thin films, such as PZT, on it. 
[0036] Although it is more desirable to make it thin to extent which does not cause the fall of 
the function of the ferroelectric thin film formed on it, if the thickness of a perovskite mold oxide 
thin film is too thin, the effectiveness of it of preparing this layer will be lost. 5-100nm is 
desirable and, specifically, 10-50nm is still more desirable. 

[0037] [Ferroelectric thin film] A ferroelectric thin film is prepared on a perovskite mold oxide 
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thin film. Although what is necessary is just to choose a ferroelectricity, piezoelectric, etc. 
suitably according to the function demanded, the following ingredients are suitable, for example. 
[0038] (A) Perovskite die materials : Pb system perovskite compound;Bi system perovskite 
compounds, such as rare-earth-elements content lead titanate, PZT (zircon lead titanate), and 
PLZT (zircon titanic-acid lanthanum lead) etc. The above simplicity, compound, various layer-like 
perovskite compounds. 

[0039] in addition — this specification — PbTi03 etc. — although the ratio x of O in ABOx is 
altogether displayed as 3 like, x is not limited to 3. Since there are some which construct the 
perovskite structure stabilized in an oxygen defect or hyperoxia depending on the perovskite 
ingredient, in ABOx, the value of x is usually 2.7 to about 3.3. Moreover, A/B is not limited to 1. 
By changing A/B, electrical characteristics, such as strong dielectric characteristics and a 
piezo-electric property, and surface surface smoothness and crystallinity can be changed. 
Therefore, A/B may be changed according to the property of the ferroelectric thin film needed. 
Usually, A/B is 0.8 to about 1.3. In addition, A/B can be calculated from X-ray fluorescence 
analysis. 

[0040] In addition. Above PZT is PbZr03~PbTi03. It is the solid solution of a system. Moreover, 
Above PLZT is the compound with which La was doped by PZT, and is AB03. If a notation is 
followed, it will be 03, for example (Pb:0.89-0.91, La:0.1 1-0.09) (Zr:0.65, Ti:0.35). It is expressed 
like. 

[0041] In a perovskite mold ferroelectric, since PZT is excellent also in a piezo-electric property 
besides strong dielectric characteristics, it is desirable. As Ti/(Ti+Zr) an atomic ratio, the 
presentation of a PZT thin film has the desirable range of 0.60-0.90, and is still more desirable. 
[ of the range of 0.70 to 0.85 ] Strong dielectric characteristics or the resonance characteristic 
gets worse from 0.60 in few presentation regions of the rate of Ti. On the other hand, if there 
are too many rates of Ti, insulation will get worse. 

[0042] As rare-earth-elements content lead titanate, it is desirable that the rate of an atomic 
ratio uses the range of (Pb+R)/Ti=0.8~1.3 and Pb/(Pb+R) =0.5-0.99 and the thing of the 
presentation which is in the range of (Pb+R)/Ti=0.9-1 .2 and Pb/(Pb+R) =0.7-0.97 especially. The 
rare-earth-elements content lead titanate of this presentation is indicated by JP,10-17394,A. 
[0043] (B) Tungsten bronze die materials : tungsten bronze mold oxides, such as SBN (niobic 
acid strontium barium) and PBN (lead niobate barium) etc. 

[0044] As tungsten bronze die materials, the tungsten bronze die materials of Landoit- 
Borenstein.Vol.16 publication of the collection of ferroelectric ingredients are desirable. 
Specifically Nb (Ba, Sr) 206 and Nb (Ba, Pb) 206, PbNb 206, PbTa 206, BaTa 206, and PbNb 
4011, PbNb 206, SrNb 206! and BaNb 206 etc. — these solid solutions are desirable and SBN 
[(Ba, Sr) Nb<SUB>206] and PBN [(Ba, Pb) Nb 206] are desirable especially. 
[0045] A ferroelectric thin film needs to grow epitaxially on the perovskite mold oxide thin film of 
a substrate. Although it is desirable that it is the single orientation film when a ferroelectric thin 
film is ****** (001), you may have 90-degree domain structure which consists of an orientation 
(100) crystal and an orientation (001) crystal with the stress from Si substrate. 
[0046] The [manufacture approach] Although what is necessary is not to limit especially the 
formation approach of a buffer layer, a perovskite mold oxide thin film, and a ferroelectric thin 
film, but just to choose from the approach of forming suitably by making these into an epitaxial 
film on Si single crystal substrate, it is desirable to use the vacuum deposition currently 
preferably indicated especially by vacuum deposition, said JP,9-1 10592A JP,10-287494,A by 
these people, etc. 

[0047] the buffer layer which consists of a laminated structure of a fully-stabilized-zirconia thin 
film and Pt thin film as an example of the manufacture approach hereafter, and PbTi03 from — 
formation of the laminating thin film using the becoming perovskite mold oxide thin film and the 
ferroelectric thin film which consists of PZT is explained. 

[0048] In enforcing this manufacture approach, it is desirable to use the vacuum evaporationo 
equipment 1 of a configuration as shown, for example in drawing 1 . 

[0049] This vacuum evaporationo equipment 1 has vacuum tub 1a in which vacuum pump P was 
prepared, and the holder 3 which holds a substrate 2 in the lower part is arranged in this vacuum 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgLejje 



2006/04/10 



JP.2001-313429.A [DETAILED DESCRIPTION] 



7/12 ><— V 



tub 1a. It connects with the rotation means 5, such as a motor, through the revolving shaft 4, 
and can rotate with this rotation means 5, and this holder 3 can rotate a substrate 2 now in that 
field. The above-mentioned holder 3 builds in the heating means 6, such as a heater which heats 
a substrate 2. 

[0050] Vacuum evaporationo equipment 1 is equipped with the oxidizing gas feeder 7, and, as for 
the oxidizing gas feed hopper 8 of this oxidizing gas feeder 7, the above-mentioned holder 3 is 
arranged immediately caudad. As for a oxidizing gas, the partial pressure is made high with about 
two substrate by this. The 3rd evaporator 11 which supplies the 2nd evaporator 10 which 
supplies the 1st evaporator 9 which supplies Zr etc. below, TiOx (x= 1.67), etc., PbO, etc. to the 
pan of a holder 3 is arranged. The energy supplying devices (an electron ray generator, 
resistance heating equipment, etc.) which supply the energy for evaporation other than each 
evaporation source are arranged at each [ these ] evaporator. 

[0051] First, a substrate is set to the above-mentioned holder. With this manufacture approach, 
it is a large area substrate, 10cm2 [ for example, ], about a homogeneous thin film. It can form on 
a substrate with the above area. Thereby, the electron device which has the laminating thin film 
of this invention can be made very cheap compared with the former. In addition, especially the 
upper limit of the area of a substrate is 2 400cm in the present condition, although there is 
nothing. It is extent. Moreover, it is possible not the whole wafer surface but to choose with a 
mask etc. partially and to form a laminating thin film. 

[0052] It is desirable to perform surface treatment to Si substrate before formation of a buffer 
layer. As for the surface treatment of a substrate, it is desirable to use the art indicated by said 
JP,9-110592,A, JP,1 0-287494 A etc., for example. 

[0053] Si crystal on the front face of a substrate is in the condition of it having been covered 
with Si oxide layer and having been protected, after such surface treatment. And this Si oxide 
layer is returned and removed by metals, such as Zr supplied to a substrate front face, in the 
case of the buffer stratification. 

[0054] Next, a buffer layer is formed. It is desirable to use the manufacture approach indicated 
by JP,1 1-31 2801, A for formation of a buffer layer which consists of a laminated structure of fully 
stabilized zirconia and Pt. Also when forming the buffer layer of other structures, it is desirable 
to use the approach indicated by said JP,1 1-31 2801, A. JP,9-1 10592A etc. 

[0055] As for formation of a perovskite mold oxide thin film, it is desirable to carry out using the 
approach indicated by said JP.9-1 10592,A etc. PbTi03 As for substrate temperature, in the case 
of formation, it is desirable to consider as 500-750 degrees C, and it is still more desirable to it 
to consider as 550-650 degrees C. If substrate temperature is too low, the crystalline high film 
will be hard to be obtained, if substrate temperature is too high, the presentation gap by 
reevaporation will be produced or the irregularity of a membranous front face will tend to 
become large. In addition, the reevaporation of a raw material can be reduced by introducing the 
oxygen radical of a minute amount in a vacuum tub at the time of vacuum evaporationo. 
Specifically, it is PbTi03. In a thin film, there is effectiveness which controls the reevaporation of 
Pb or PbO. 

[0056] When the lattice constant of the a-axis of the ingredient used for a perovskite mold oxide 
thin film is smaller than the lattice constant of the a-axis of the ingredient used for the 
ferroelectric thin film produced on it, the ferroelectric film can be expanded in the direction of a 
c-axis using the elastic distortion by misfit, and the ferroelectric film which carried out 
orientation from the interface of a perovskite mold oxide thin film and a ferroelectric thin film to 
the thickness (001) of dozens of nanometers can be obtained. 

[0057] Next, a ferroelectric thin film is formed. PbTi03 which grew epitaxially on Si substrate 
The method of up turning the epitaxial growth of the ferroelectric thin films, such as PZT, further 
was not learned, but was newly found out by this invention. Hereafter, the case where PZT is 
formed as a ferroelectric thin film is explained to a detail. 

[0058] As for formation of the PZT thin film to a perovskite mold oxide thin film top, it is 
desirable to supply PbO, TiOx (x= 1 .67), and Zr from each evaporation source, and to perform 
them, introducing a oxidizing gas. Although oxygen, ozone, atom-like oxygen, N02, radical oxygen, 
etc. can be used for oxidizing quality gas, it is desirable to use the oxygen which radical-ized the 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgLejje 



2006/04/10 



JP.2001-313429.A [DETAILED DESCRIPTION] 



8/12 ^— V 



great portion of oxidizing quality the great portion of [ a part or ]. Thereby, the reevaporation of 
Pb or PbO can be suppressed at the time of formation of a PZT thin film. PbO cannot re- 
evaporate the reason using PbO as a leaden evaporation source easily on a hot substrate 
compared with Pb f and it is because deposit efficiency is high. Moreover, the reason using TiOx 
as an evaporation source of titanium is also that deposit efficiency is high similarly. If Ti is used 
instead of TiOx, since oxygen is taken by Ti, and PbO serves as Pb and re-evaporates, it is not 
desirable, x [ in addition, ] in TiOx — desirable — 1<=x<1.9 — more — desirable — 1<=x<1.8 — 
further — desirable — 1.5<=x<=1.75 — it is 1.66<=x<=1.1.75 especially preferably. If such TiOx 
adds heat energy, it will fuse within a vacuum tub and the stable vapor rate will be obtained. 
[0059] As for the substrate temperature at the time of PZT formation, it is desirable to consider 
as 500-650 degrees C. A membrane formation rate is 0.100 - 0.500 nm/s more preferably 0.050 
to 1.000 nm/s. If a membrane formation rate is too slow, it will be difficult to keep a membrane 
formation rate constant, and the film will tend to become heterogeneity. On the other hand, if a 
membrane formation rate is too quick, membranous crystallinity will get worse. 
[0060] What is necessary is just to supply them on a substrate with the vapor rate of the ratio 
corresponding to the presentation ratio made into the purpose, since TiOx and Zr are 
incorporated by the PZT crystal as which it supplied and with which the whole quantity grows on 
a substrate mostly. However, since vapor pressure is high, a lifting and the control to like are 
difficult for PbO in a presentation gap. By this formation approach, this property of PbO is used 
conversely and the supply quantitative ratio to the substrate from a PbO evaporation source is 
made superfluous to the ratio in the PZT film crystal formed. The degree of overage considers 
Pb/ (Ti+Zr) as the atomic ratios E of Pb supplied from an evaporation source, and (Ti+Zr) [Pb/ 
(Ti+Zr)]. When Pb/ (Ti+Zr) is considered as Pb in the ferroelectric thin film then formed, and the 
atomic ratios F with (Ti+Zr) [Pb/(Ti+Zr)] f These relation E[Pb/ They are E[Pb/(Ti+Zr)]/F[Pb/ 
(Ti+Zr)] =1.77-2.5 and the thing more preferably set to E[Pb/(Ti+Zr)]/F[Pb/(Ti+Zr)] =1.9-2.3 
preferably. (Ti+Zr)]/F[Pb/(Ti+Zr)] =1 .5-3.5 — It is. PbO which is not included in superfluous PbO 
or a superfluous perovskite structure will be re-evaporated on a substrate front face, and only 
the PZT film of a perovskite structure will grow on a substrate. E [Pb/(Ti+Zr)] If /F [Pb/(Ti+Zr)] 
is too small, it becomes difficult to fully supply Pb into the film, and the ratio of Pb/(Ti+Zr) in the 
film will become low too much, and will not serve as a crystalline high perovskite structure. On 
the other hand, if E[Pb/(Ti+Zr)]/F [Pb/(Ti+Zr)] is too large, the ratio of Pb/(Ti+Zr) in the film will 
become large too much, other Pb rich phases will appear besides a perovskite phase, and 
perovskite single phase structure will no longer be acquired. 

[0061] As explained above, by raising deposit efficiency, using PbO and TiOx as an evaporation 
source, and oxidizing powerfully by radical oxygen, and setting substrate temperature as the 
predetermined range, the excess and deficiency of Pb twist and the PZT crystal of stoichiometry 
grows in self align on a substrate mostly. This approach is an epoch-making method of 
manufacturing the lead system perovskite crystal thin film of stoichiometry, and is an approach 
by which a crystalline, very high ferroelectric thin film is obtained. 

[0062] Membrane formation area is 2 10cm. When forming membranes on the front face of the 
substrate which is the diameter of 2 inches when it is more than extent for example, oxidation 
reaction can be promoted throughout a membrane formation field by rotating a substrate, as 
shown in drawing 1 , and supplying a oxidizing gas uniformly throughout a substrate front face. 
Thereby, moreover, formation of the homogeneous film is attained by the large area. At this time, 
the rotational frequency of a substrate is 10rpm. It is desirable that it is above. If a rotational 
frequency is low, it will be easy to produce distribution of thickness in a substrate side. 
Especially the upper limit of the rotational frequency of a substrate is usually device top 120rpm 
of vacuum devices, although there is nothing. It becomes extent. 

[0063] As mentioned above, although the detail of the formation approach of a ferroelectric thin 
film was explained, since especially this approach can be enforced in the comparison with the 
conventional vacuum evaporation technique, the sputtering method, the laser abrasion method, 
etc. under the operating condition which does not have the room of mediation of an impurity so 
that clearly and which is moreover easy to control, it is suitable to obtain the specified 
substance with good repeatability and high integrity by the large area. 
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[0064] Furthermore, even if it uses MBE equipment in this approach, the target thin film can 
completely be obtained similarly. 

[0065] Although how to form a PZT thin film was explained above, this approach can be applied 
also to formation of the thin film which consists of other Pb system ferroelectric ingredients, and 
the same effectiveness is acquired also by these cases. Moreover, it is applicable also to Bi 
system oxide thin film. Also in Bi system oxide thin film, although presentation control was 
inadequate in the vacuum until now since the vapor pressure of Bi was high, it sets to this 
approach, and it is Bi 203 about a PbO evaporation source. It is checking that it can form 
similarly by changing to an evaporation source. Also in Bi system, Bi is incorporated by the 
crystal in self align without excess and deficiency, and the ferroelectric thin film crystal of 
stoichiometry is obtained. 

[0066] [Electron device] The laminating thin film of this invention is processed according to a 
semi-conductor process. Thin film ferroelectric components constituted as the gate of a 
capacitor and FET, such as a semiconductor memory and an infrared sensor. The record medium 
which is made to carry out polarization reversal of the ferroelectric with an AFM (atomic force 
microscope) probe etc., and records information, Or it is applicable to the thin film piezo electric 
crystal component which is used for a mobile transmitter etc. and which is used for thin film 
vibrator, such as FBAR. a thin film VCO, a membrane filter, a fluid injector, etc. Thin film vibrator, 
such as FBAR, a thin film VCO, and a membrane filter are desirable also especially in these. 
[0067] Processing by the semi-conductor process may be performed by any of the process in 
the middle of formation after formation of a laminating thin film. For example, after forming the 
buffer layer containing a conductive thin film, a perovskite mold oxide thin film may be formed on 
the buffer layer which removed the conductive thin film partially by etching etc. 
[0068] Since the front-face nature may be getting worse even if Si substrate has exposed the 
part from which the buffer layer was removed or a part of buffer layer remains when forming a 
perovskite mold oxide thin film after removing a part of buffer layer, the perovskite mold oxide 
thin film formed on it not growing epitaxially and a pyrochlore phase may be formed. In such a 
case, it is required for the part which has not removed any buffer layer for the perovskite mold 
oxide thin film to grow epitaxially. 

[0069] as a perovskite mold oxide thin film — PbTi03 etc. — by using the ingredient which is 
easy to form the crystal of perovskite type structure compared with PZT, the crystallinity of the 
ferroelectric thin film in the part from which the buffer layer was removed can be raised, or 
formation of a pyrochlore phase can also be suppressed. 
[0070] 

[Example] Hereafter, the concrete example of this invention is shown and this invention is 
further explained to a detail. 

[Example 1] It is Zr02 on Si (100) single crystal substrate. A thin film and Y203 A thin film, Pt 
thin film, and PbTi03 The thin film and the PZT thin film formed the laminating thin film by which 
the laminating was carried out in this order in the following procedures. 

[0071] First, Si single crystal wafer (disc-like [ with a diameter / of 2 inches / and a thickness of 
250 micrometers ]) which cut and carried out mirror polishing so that a front face might turn into 
a field (100) was prepared. Etching washing of this wafer front face was carried out with the 
ammonium fluoride water solution 40%. 

[0072] Next, the above-mentioned single crystal substrate 2 is fixed to the substrate holder 3 
equipped with the rotation and the heating device which were installed in vacuum tub 1a using 
the vacuum evaporationo equipment 1 shown in drawing 1 . After exhausting a vacuum tub with 
an oil diffusion pump to 10-6 Torr, in order to protect a substrate washing side using Si oxide, it 
is 20rpm about a substrate. It heated at 600 degrees C, having made it rotate and introducing 
oxygen near a substrate at 25 cc a rate for /from a nozzle 8. The substrate front face was 
oxidized thermally by this, and Si oxide film with a thickness of about 1nm was formed in the 
substrate front face. 

[0073] Subsequently, 900 degrees C was made to heat and rotate a substrate. A rotational 
frequency is 20rpm. It carried out. While introducing oxygen gas at 25 cc a rate for /from the 
nozzle at this time, Metal Zr was evaporated from the evaporation source, said substrate front 
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face was supplied, and the reduction and thin film formation of Si oxide which were formed at the 
last process were performed. In addition, the amount of supply of Metal Zr was converted into 
the thickness of Zr02, and was set to 10nm. It was checked that the peak (002) of Zr02 is 
clearly observed in an X diffraction, and this thin film is Zr02 thin film of the high crystallinity in 
single (001) orientation. Moreover, this Zr02 As a thin film was shown in drawing 2 , the perfect 
streak pattern was shown in RHEED and it was checked that a front face is a flat and high 
crystalline epitaxial film in a molecular level. 

[0074] Next, this Zr02 It is Y203 by using as a substrate the single crystal substrate in which 
the thin film was formed, and supplying Metal Y to a substrate front face the condition for 
substrate temperature [ of 900 degrees C ], substrate rotational frequency 20rpm, and 
amount/of 15 cc of oxygen gas installation. The thin film was formed. The amount of supply of 
Metal Y is Y203. It converted and could be 40nm. This Y203 The RHEED image of a thin film 
had the shape of a sharp spot, as shown in drawing 3 . This to this Y203 A thin film is an 
epitaxial film with good crystallinity, and it turns out that irregularity exists in a front face. This 
Y203 When the cross section of a thin film was observed with the transmission electron 
microscope, the facet side with a height of 10nm existed and the ratio of a facet side was 95% or 
more. 

[0075] Next, Pt thin film with a thickness of 100nm was formed as a metal thin film on the Y203 
thin film. Substrate temperature is 700 degrees C and a substrate rotational frequency is 20rpm. 
It carried out. The RHEED image of this Pt thin film had the shape of a sharp streak, as shown in 
drawing 4 . From this, crystallinity is a good epitaxial film and this Pt thin film is understood that 
a front face is flat at a molecular level. 

[0076] Moreover, when the ten-point average of roughness height Rz (criteria die length of 
1000nm) by JIS B 0610 was measured about Pt thin film front face, it is 1.1-1.8nm and the direct 
check of excelling in surface smoothness was able to be carried out. 

[0077] Next, it is PbTi03 with a thickness of 30nm on Pt thin film. The film was formed. A 
substrate is heated at 600 degrees C and, specifically, it is 20rpm. It was made to rotate. And it 
is PbTi03 by introducing radical oxygen gas at ten cc a rate for /from the source of ECR 
oxygen, and supplying PbO and TiOx (x= 1.67) from each evaporation source on a substrate. The 
film was formed. The amount of supply from an evaporation source is PbO:Ti02. It carried out 
controlling so that a mole ratio is set to 2:1. Formed PbTi03 As the film was shown in drawing 5 , 
the sharp streak was shown, the front face was flat and crystallinity had become the good 
epitaxially grown film. Formed PbTi03 Membranous specific resistance is 2x1010. It was 
omegacm. 

[0078] Here, on the structure of an electron device, Pt thin film may be etched partially and may 
be processed into a desired dimension. In this case, on Pt thin film, it is PbTi03. On the location 
where it grows epitaxially by cube on cube, and Pt thin film does not exist, it is PbTi03. 45- 
degree side internal version may be carried out, and it may grow epitaxially. In this case, PZT is 
PbTi03. It grows up epitaxial to a thin film. That is, on Pt thin film, PZT grows epitaxially by cube 
on cube, on the location where Pt thin film does not exist, 45-degree side internal version also of 
the PZT is carried out, and it grows epitaxially. 

[0079] Next, PbTi03 The PZT film with a thickness of 470nm was formed on the thin film. It is 
20rpm about 600 degrees C and substrate rotation in substrate temperature. It carried out and 
radical oxygen gas was introduced at ten cc a rate for /from the source of ECR oxygen. The 
PZT film was formed by supplying PbO, TiOx (x= 1.67), and Zr from each evaporation source on a 
substrate. The amount of supply from an evaporation source is PbO:Zr02. : Ti02 It carried out 
controlling so that a mole ratio is set to 2:0.25:0.75. 

[0080] When the presentation (atomic ratio) of this PZT film was investigated from X-ray 
fluorescent spectroscopy, it was Pb/(Ti+Zr) =1.00 Zr/Ti=0.330. 

[0081] The RHEED image of the formed PZT film showed the pattern of the shape of a sharp 
streak, as shown in drawing 6 R> 6. Moreover, as a result of measuring the X diffraction of the 
laminating thin film of PZT/PbTi03/Pt/Y203/Zr02/Si (100) structure created by the above- 
mentioned approach, as for this laminating thin film, it was checked by observing only an 
equivalent peak that they are as shown in drawing 7 , or it is each class (001) (100), the 
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epitaxially grown film of high crystallinity. 

[0082] Next, the FBAR component of the structure shown in drawing 8 was produced using this 
laminating thin film. 

[0083] the substrate electrode 24 which consists of conductive thin films which the FBAR 
component to illustrate has Si (100) single crystal substrate (only henceforth Si substrate) 22 
with which the beer hall 21 was formed, and consist of an oxide thin film etc. on the Si substrate 
22, such as a buffer layer 23 and Pt, and PbTi03 etc. — the up electrode 27 which consists of 
electric conduction thin films, such as the ferroelectric thin films 26, such as the perovskite mold 
oxide thin film 25 and PZT, and Au, is formed in this order. A beer hall 21 is formed by carrying 
out anisotropic etching of the Si from a drawing Nakashita side side, and the thin film by which 
the laminating was carried out on it in this beer hall 21 constitutes diaphram. The inferior surface 
of tongue of the Si substrate 22 is pasted up on the base of a package 31 by the die bond agent 
30, and the closure of the upper part of a package 31 is carried out with the lid 33. 
[0084] first, the Si (100) substrate 22 top — Zr02 and Y203 the Pt layer 24 after forming a 
buffer layer 23 and the substrate electrode 24 of Pt in this order — etching — partial — 
removing — pattern NINGU — carrying out — a it top — PbTi03 the perovskite mold oxide thin 
film 25 — the PZT film 26 was continuously formed by vacuum evaporationo. Here, Pt electrode 
surface product is 20micrometerx20micrometer. At this time, it is PbTi03. It reaches and some 
PZT film is Y203. Although formed upwards, it is Pt top and Y203. A top is PbTi03. And it was 
checked by RHEED that the PZT film is growing epitaxially. The presentation of a PZT thin film 
was set to 0.25:0.75 by the Zr:Ti atomic ratio, and thickness could be 500nm. Then, pattern 
NINGU processing of the up electrode 27 which consists of aluminum was carried out so that 
formation and an electrode surface product might serve as a 20 micrometerx20-micrometer 
angle, and the beer hall 21 was formed by etching the Si substrate 22. After dicing equipment's 
dividing into a chip and carrying in a package 31 finally using the die bond agent 30, it wired with 
the wire 32 t it closed with the lid 33, and the component was completed. 
[0085] This FBAR component was measured. First, it measured in the condition of not 
impressing direct current voltage to the PZT film. Resonance frequency and antiresonant 
frequency were 2.2GHz and 2.56GHz, respectively. The impedance difference in resonance and 
antiresonant frequency was 31 dB. Moreover, when asked for the electromechanical coupling 
coefficient, k2 =39% and the extremely excellent property were acquired. Even if these properties 
changed the direct current voltage impressed to the PZT film, they hardly changed. 
[0086] It is PbTi03 because of a comparison. The FBAR component using the laminating thin 
film of PZT/Pt/Y203 / Zr02 / Si (100) structure which does not have the layer was produced. 
Production of a laminating thin film and the creation approach of a component are above 
PbTi03. It is the same as a thing with a layer. 

[0087] Even if resonance and antiresonance are hardly seen but it impresses the electrical 
potential difference which is direct-current 9V in not impressing direct current voltage to the 
PZT film when this FBAR component is measured, an impedance difference and an 
electromechanical coupling coefficient are [ 20dB, 33%, and ] PbTi03 at the maximum, 
respectively. Inferior compared with the case where it has. 

[0088] This showed that the laminating thin film of this invention and the electron device using it 

had the extremely excellent property. 

[0089] 

[Effect of the Invention] this invention — Si (100) substrate top — first — PbTi03 etc. — the 
ferroelectric film which has the property which was excellent on Si (100) substrate, and its 
manufacture approach can be acquired by carrying out epitaxial growth of the perovskite mold 
oxide thin film, and carrying out epitaxial growth of the ferroelectric film, such as PZT, on it. 
[0090] moreover, the case where etching etc. processed or removed the buffer layer and a 
pattern is formed — as a perovskite mold oxide thin film — PbTi03 etc., by using the ingredient 
which is easy to form the crystal of perovskite type structure compared with PZT ? the 
crystallinity of the ferroelectric thin film in the part from which the buffer layer was removed can 
be raised, or formation of a pyrochlore phase can also be suppressed. 

[0091] The laminating thin film of this invention is processed with various electron devices, for 
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example, a semi-conductor process. Thin film ferroelectric components constituted as the gate 
of a capacitor and FET, such as a semiconductor memory and an infrared sensor, The record 
medium which is made to carry out polarization reversal of the ferroelectric with an AFM (atomic 
force microscope) probe etc., and records information, Or it is applicable to the thin film piezo 
electric crystal component which is used for a mobile transmitter etc. and which is used for thin 
film vibrator, such as FBAR, a thin film VCO, a membrane filter, a fluid injector, etc. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing an example of the vacuum evaporationo 
equipment used for formation of the laminating thin film of this invention. 

[Drawing 2] Zr02 which is the drawing substitution photograph in which the crystal structure is 
shown, and was formed on Si single crystal substrate It is the RHEED image of a thin film. 
[Drawing 3] Zr02 which is the drawing substitution photograph in which the crystal structure is 
shown, and shows a RHEED image to drawing 2 Y203 formed on the thin film It is the RHEED 
image of a thin film. 

[Drawing 4] It is the drawing substitution photograph in which the crystal structure is shown, and 
is the RHEED image of Pt thin film formed on the Y203 thin film which shows a RHEED image to 
drawing 3 . 

[Drawing 5] PbTi03 formed on Pt thin film which is the drawing substitution photograph in which 
the crystal structure is shown, and shows a RHEED image to drawing 4 It is the RHEED image of 
a thin film. 

[Drawing 6] PbTi03 which is the drawing substitution photograph in which the crystal structure 
is shown, and shows a RHEED image to drawing 5 It is the RHEED image of the PZT thin film 
formed on the thin film. 

[Drawing 7] It is the X diffraction chart of the laminating thin film formed with 
PZT/PbTi03/Pt/Y203/Zr02/Si (1 00) structure. 

[Drawing 8] It is structural drawing of the FBAR component produced using the laminating thin 
film of this invention. 
[Description of Notations] 

1 Vacuum Evaporationo Equipment 
1a Vacuum tub 

2 Substrate 

3 Holder 

4 Revolving Shaft 

5 Motor 

6 Heater 

7 Oxidizing Gas Feeder 

8 Oxidizing Gas Feed Hopper 

9 1st Evaporator 

10 2nd Evaporator 

1 1 3rd Evaporator 

21 Beer Hall 

22 Si 

23 Zr02 Thin Film 

23 Y203 Thin Film 

24 Pt Thin Film 

25 PbTi03 Thin Film 

26 PZT Thin Film 
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27 Aluminum Electrode 

30 Die Bond Agent 

31 Package 

32 Wire 

33 Lid 
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[0 0 0 2] 

WB/^l/^Jfttt*? (Film B 
ulk Acoustic Resonator : FBAR) . ilVCO, fcWKS 

%mi&t*(D9><&ftmiAifi [ooi] 75"i^aor\ &*ft 
/c ^mmm^%m s a & k x tf # * * ;i//a« l rc 
3»»iflif*i»« (ooi) EiST**cfctf#i:Li\» 
[ooo3] &mmimm<DVimb*t><D£ it, p b 



Ti0 3 , PZT\ BaTi0 3 f^D7"X^^hS 
^ZTcZblC WIJB¥9- 1 1 0 5 9 2? 

[0004] cnp)«iift»^, pzTci, 

i o ^\<Oi£J I J tfm h JWtS £ ft £ *t*4<D— o i:ftoWSo 
[0 0 0 5] PZT*S i»«±tcJB«-r«K*«cft 
£Ttci^<ofr&2ftT^£#\ ; eo^<« (10 1) 

X'ZbK), P Z Tl* S i WfcJ:l:xejr*'>t 

[0 0 0 6] *(0«fc5ft*t*. ±3£<o# 
BT9- 1 1 0 5 9 2#4J«. fe^Ilf 10-22 
3 4 7 6 -^SK «fSB¥ 1 1 -2 6 2 9 6^ffl^lC:fc 
t^T. Si (100) SI±(CPZTi^it(*II 

20 ^ (ooi) gafpjTxtr^^^^^s-ra^ffi^L 

[0 0 0 7]*Sffi#f>ii> Ctl^xe^ + v'irM 
^LfcP Z T90»Rt»»H, J: tf 
JH*ffl l ^/cl^T/ <>f X &c » IT^lfe/c^ S 

i (10 0) 2f.Hg±(C^*TP b T i 0 3 ^Wd7X^] 

P Z T?«t(*I^Xlf^^tMl^t§ c t 
*9-»Wttfc«ftft^«fl«* l »6ft*C. 

30 [0 0 0 8] Cft^TlC. P Z T^CD^PyX^-Y 
»R«<*<OT *ft*C P b T i 0 3 W<0«*T«!!fcL"t\ 
<D±K P Z T*03W«««e**rtLfc«5B«»l6nTlf^ 

[0 0 0 93 Mz-tf. «fM¥ 6-5 7 4 11 

a, s i ^ositg±tcT i momffifflttfrLTP i mo 

40 2>£tmZm.2tlX^& 0 Sfc. #M¥6-29 0 9 8 

Bit, z rm^o^A^ hmmmwmmtcomm 

fSo iiflf 7-9 9 2 5 2^«K«, StS±(C^^ 

7/l/-y;l/ST- P Z Tlffli^rfgfig-r 'Wd*d 
50 TS'&SStftmA'aBSeifc^ESnT^*. WT6-8 
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9 9 8 6*ftt*BT*«\ PZT^6a5±««*ik^ 

p b t i o 3 mfr^ft&m$&Bfomm%LTh^m&tf 

IESc^nT*3D. MO C V Da^ffl^T^g 0 B 0 (?) ? Mi 

[0 0 10] lX±OCT(i> ^fnt»?«ftKT6D, - 
^$S 0 s 0 O*®±ic, »R«ttJS*ra/a£-£fc« 

P b T i 0 3 m(DTWm*Bl£LT*<D±\c 
p z TloWlWt^ci:^ p z Ttctt^ 
P b T i 0 3 O^D7XA>f FS«»ML^t 
^/c£>. P Z TOlSSfk^ffiLJSS^iSfi^JgfiKSJS* 

So 

[0 0 1 1] —73. Stg±Oxtf^^^^/WStcot^ 
T. P b T i O3 HOTflfiJB^ttW^tlTl^SffJJCtt, 
&<D£3&fc4>#&So WRPF7- 17 2 9 8 4 

±(e P L T»JII<0«J«B*t P Z TSMO±«i«Jl*J&K 
LTt^o CO?^. PLTWJBJBlifStf^ftxtfi* 

z t £tt as «x e * * * * /c t* tn\cm\ 

**BH¥ 7- 1 9 3 1 3 5 *§4J«t*W\ G a A s SS± 
T% g«±£>SB 1 It LT P b t T i *±&ft£lTZ''< 

pyx^-rhSiiMi, ^2ititPb, Ti 

tt. GaAs (1 0 0) StttLtKUSlJBfcLTPLT. 
S2li:lTPZTWLT*^ ftltc^D. 

a -e«ttatto At ^w«*flgfi)fr set tfaarefe o & 

PZT^/c^PLZT^ c«UcEiaLftHH»^»&n 

[001 2] co<fc 3tca61fi±oxe^^>'^;i'll$l^o 

l/^T, P bT i 0 3 ^C0T±tfiiil^!M^nTl/^^Jt4fe 
3*>\ S i S«±^xtT^^>'^;l/filcSLfc3fiBia(*IK 

9-1 10 5 9 2 #4>$B. *5<fctf1#B8¥ 1 0-2 2 3 4 
7 6*ttSL WW¥ 1 1-2 6 2 9 6«iMB*fcBH;RS 

^<fcA6, PbT i 0 3 HcDTttfiffl^^-rtt, (5 
1R±(D3Ly£&*is*J)/mi£*S^T. P b T i 0 3 m(D^ 



[0 0 13] 

[00 14] Sf:, 4*»{*T**S i ^S B B H S1fi±tC« 

■awi*fflt\ »»*iiffi«siK:3pijffl*n«»iiisft 

10 ilVCO, SfBS7-f^. ffltf*WMttfi£^fc*JflJ 

§e^-r s IBS Mt if *a«-r ^ct^swtt^ 

[0 0 15] 

[RR*IWi*rSfc*<D¥K] &@Wti, TIB 

(1) - (7) 0*«BEJ:t)l««n5, 

(1) S iMltcxt^^v'tMSL/cWI 

20 JB±IC (10 0) STcti (001) MnJO^n^X^-f 

(2) fitnE^o^x*>f nHiwt»9Wii**iia»tt** 
-rs±ris ( 1 ) (ommwiBo 

(3) jtufE^n^X*^ hfMIIi:A7 7 7l 
©»ft»l«lllfcOBI«c*«ttflMi*#-r*±E (l) a 

fett (2) OflWMKo 
( 4 ) jjfjfK'* D7*X^^h ffiBHfc1«ffl]Sitf PbTiO 

30 3 *p&a*±iE (1) - (3) ©v>-rn^6D%wn5«Mc 

(5) ffiBEftRmiMStfP Z T^£&S±i!5 ( 1 ) 

- (4) ot^*rn^(o«B5Sflio 

(6) ±sE (1) - (5) Ot^nfrOSUiJWII*^ 

(7) si (1 0 0) &m±Kmtmmi\mi$ts'^y 

7rH«JBJ*U (100) g-fctt (001) G 

fi^p^^^h si'Siftftswe^x tf * * > /i^-s 

MMt0Hjfi2r&. 

40 [0 0 16] 

[fMJ] *»WJ«&t4, S i S«±fcxe#*5/*;l/ja 

fc#LT«W*»afc*S*. Si (100) gffi±tc£ 
f PbT i O3 ^P/X^J^ hSMftWHWfcXfcT 

* + ^t;Wfiit toilcPZT?(08B!t(W* 
xif^+^^yl/dESS-yrScitfcctt). <J:0-/l^tt{c 

[0017] fit, *®i*T$>^s i#*S B B a S«±tc 
50 JBi«Lfc*»Mlc<tS«nfc^ttO^*ttaHII«:$ty 
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mm^. nvco, wm7<fA'#s mvmzi&smic 

[0 0 18] 

o) %tci* coon mfa^vy***^ hmmimm 

_blc x \L % * > * ;l//a« L ft J&ric S nr 

[0 0 19] *^JfflStc43V^T5»fliA^jK.{f (0 

0 l) ErprefcSfcti. M®i:i5{?¥tTtc (00 l) S 

[0 0 2 0] *MaWlcfett*#-BEiRlJ»i:tt, ££X 

ir*scw*r^o sf*wu:M\ xmmn (xrd) tc^s 

5fSl<«5 %ttTT*fe5KT*fe5o (0 0 

L ) fli-EGM* -rato-6cBR*-BBlfillJHtt. 2 e 
- 0 X«UbI8tT' (00 L ) BliW^Ofi»3a]ft*V ( 0 0 
L) ffiK#fr<0«*£-*»«Ol 0%WT. »£L<y: 
5%ttTOt>OtfeSo *WaBS^43t^T (0 0 

D (ooi) sjijoffi. -r&Jb-e. (ooi)^ 

(0 0 2) ^H^ffi^KW^i^Tfe^o 

[0021] sfe, *0^«Mcfeo>rxtf^^^^;MI^ 

LTl^SC^Tr&So COcfc^&iElRlfi, RHEEDBf 
ITX^7 MtfS/ctiX h V — ZViOz/ * — — 

HE E D«fi->-v-y*X^'y htt£te&£>-f\ U>^ 

[0 0 2 2] $fc. *M«BStc43t^T. xtf^^->-v;l/ 

*>r ha?»ftiw»iiio»&. «*iBW7?st^»o (1 o 

0) xtf^^^t;Hi:LtSSU ?$£p-r£ 
HkHE^aJcfflK^LT. ( l 0 0) BBiRjfc (0 0 l ) 

Eft £ ^fift-r s 9 ofiK^^ >mmm^^ti^ 0 
[0023] arf, ^mmmmmmic-D^rmmic 



n b o»{t%±«c «vattRf aa*aH l & t o-e* s 0 ^ 
tt&n, ^n^x*-r hmmitvnits imm±icm&M 

CD tf T ;bx -y ^ 1/ ^iDl^OX >y ^ > ^ X h >y / 

io at«t§ 0 mmmmttmm Ltc^yyrm 
[0024] ^\^(D^r^mmwmm^m^rci6\c 

mKA&Ol*BB¥9- 1 1 0 5 9 2#4>*tC**nS* 

-?&t>*>, s iJtMsa»«±K toon saftoz 

r o 2 S«, $S(ty;l/3z7SII, ftdJ^jRKfbtt 
20 58KII«:#CyB^iS6t, C<0_ttcB a T i 0 3 

s (ooi) Eroio^a^x^-r h/t£:J£/£U co^ 
n7x#^hH±tcP ttS*^ft*S»*tt»M*JBfiK'r 

w-*©**. z r o 2 (o o i ) RWK±fc: p t F«/is^ie^ 

l&rSCt&h. P tci (l l i) El&lSfctt^lSai:*: 
0, P t (100) *-E^Mt§ch^Tf^ 
t^&TfcSo cnn, z r o 2 (oooikPt 
(ioo) fflofif^s&^f^/cftic, p ttixtr 

^^v'tMMt^iiHs -ttett (10 0) ffii^rjS 
30 ■firffii:LTJ5icfi'rs<fct)fe. x^;l/^— e^tc^^: (l 

i i) Hn*«fiBfikLTfiiifi"rsfre»"c»So 

[0 0 2 5] /^y7 7»:tt, ^¥ 11-31280 

H±*cSSWttWIB*JBfigLTi/>Sfcai>, B a T i 0 3 M 

40 1} 77^7M^i:^«®Tfe5o l(0/W7 

lt??S (ioo) Elft. iE^ft (0 0 l ) Eft 
^rcti*§4p B 0 (001) EfRj<Oxif^^i/^;l/^tO 
T\ ^O^z-tr^y hffili, {111} 77-b7hST$ 
So ««tt«fl!B. ;W77l© {1 1 1) ^7-tr^yh 
ffi±tc {ill} EfRlili:LTxtf**i/^;l/fiJi«-r 
So MttlWOMlcffoT, 77-b7bffiiaDi 

So iioffltt, ic^a (ioo) «sa% 

50 ?(0S**¥icJ:DiE>3a (0 0 1) Sh^scii^fe 
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So 

[0 0 2 6] /^y77l077i!7 hflBtf^tE'TSSffi 
£&S 0 

[0027] mn'&mmi±, mm, wmtm^c c i o 

tf\ lSrtfc<fcoTl&B#gJeLT, tfiRfcflE^ifl (0 0 
[0 0 2 8] »«tt»)»«:, P t, I r. Pd, Rh, 
L<, C n £0:&MOi£{*2: fcti C tlb^i^t^ 

[0029] z<D±icmf&ztiz>&mm 

[0 0 3 0] »«tt»H«OJ¥*tt, #£L<«1 0-5 
OOnm, «t 049F*L<tt5 0 — 2 0 Onm-efeSo 8M"ff 

So ^777§IW77-t7 MJlCcfc DHfJ$;£ti<5^ 
fc#>{cJ3^£r3 OnmtLbfc-rsc WWiK, l 0 0 

0—5 0 OnnfctSCfctfffSLK 
[0 0 3 1] ^Wtt^MOltffin^ £72: L < l± 1 0 " 7 
- 1 0 3 Qcnu cfc^ff^lXte 1 0- 7 - 1 0" 2 Qcm 

T/H<OflgflciaSU:*5t^TS i o 2 W#£i;&*»d#&£ 
*>\ cos i 0 2 /Hii^y^rH^xtr^^rS/^yl/jSB 

St§^(7)T(i»\ LfttfoT, COS i 0 2 Jlfc*# 

[0032] t^nyx*^ hmffltifamm) ^a^x 
[0033] vmmtymm*. ^o±tc 

IC. /^^7rJBKl}*LTXlf#*^-V7l/ricftLTt>5C 

O^tcte (10 0) -^-@Bf^Ufcxb e ^^v'^;l/M'e 
6*Cktf»*U\ jE77 B B B TfeSll^tcti: (0 0 1) 



^(CcfcoT ( 1 0 0) BEloJt (0 0 1 ) SEft0 9 0SK 
[0 0 3 4] ^p7X^^ h^fift^n'/IKti. 
ttffitfEti. jff$L<til 0 3 QcmW±. cfcD»^L<ti 

i o 6 ~ i o 12 Ocmgtfre&So 

[0 0 3 5] ^pyx^^ hS»<t1«l»MO»»4: IT 
fcfc, B a T i 0 3 . P b T i 0 3 , #±^7x^-3 * 
10 VSBtf»$L<, P b T i 0 3 ftZbimZL^o P 
bTi0 3 tTftll, ?(D±lCPZTm<DP b%&MM 

[0 0 3 6] ^n:/x#-r hffittft»»MOJ»*«. ^ 

JI{*WtCte. 5-10 0 

[0037] (amttant) 5mw(*«wtt. -^D^ 

[0038] (a) ^u/x^^ hsatm : ^±m9tm 
•smmzswan. pzt (v;i/a>^^>^) , pl 

ZT (^;l/n>^*>BE^>^>») ^Pb^D7 
hit^m : B i ^p7X^j^ hft-&«*Ho W 

[0 0 3 9] ftfc. *SJ*U»TfcL P bT i 0 3 &£<D 
BQxKtslfZQCDttmxtk-f^r 3 t UTS 

^Lfc^nrx*>r hiii^^^^^OT, A 
BOxlCfe^T, xOffite. 2. 7-3. 31S 

cktf-pSSo tot, A/Btt 4 MJ8fc;*ft5»««f* 

0. 8-1. 3ilT'65o **5. A/Bti\ ^teXIfit 
40 »*rffi^&*»«<i4:^"e#So 

[0 0 4 0] &3b\ ±fEP Z Tt±. P b Z r O3 - P b 
T i 0 3 JROH«#T?feSo _LffiP LZTte, P 

ZTfCL a^K-^nrcft^T'feO. ABO3 OS 
KlCfi£j?tH\ WJittf (Pb : 0.89—0.91, La : 0 .11 — 
0.09) (Z r :0 .65. Ti : 0 .35) 0 3 Oct 5 tc3i£ft 

So 

[0 0 4 1 ] ^ayxij^f hSa*K«f*0*Tti, P z 
T*\ 5ftB«WttofBt£EflWttK:fe«ti*3ftA, »S 
P Z TSMMtt Ti/ (Ti+Zr) ^ 
50 tttLT, 0. 60*^0. 9 0O«SH*»*U<, 
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0. 70*^0. 8 5<DSBH^££>tc£?£ Lh\ 0. 6 

[0 0 4 2] «±W7ciR^W?-*>WBi:LT«4. BfF 

(P b + R) /Ti=0. 8—1 . 3. 
P b/ (P b + R) =0. 5 — 0. 9 9 

(P b + R) /T i = 0. 9— 1 . 2. 
P b/ (P b + R) -0. 7-0. 9 7 

«*©«±«7aR**^#>»»tt, wi 0-17 

[0 0 4 3] (B) *V^X-r>yn>Xia#»:SBN 
t^lXhPyf^Z./N'J^A) . pbn (-^^g§ 

[0 0 4 4] *>y7fy7a>XSttfii:lTB, 

ilW*W^*OLandoit-Borenstein .Vol .16E8i<£>£ > 

a, S r) N b 2 O e . (B a, P b) N b 2 O e , P b 
Nb 2 0 6 . PbTa 2 0 6 . B a T a 2 O e . PbNb 4 
O n , PbNb 2 0 6 . SrNb 2 0 6 , B a N b 2 0 6 
^Ctlf)«f*»ll<, mc, SBN [ (B 
a, S r) Nb 2 O e ] ^PBN [ (Ba, Pb) Nb 2 

0 6 ] #ff*Hr\, 

[0045] 3m«fMNittiu T%o^n^x^-r hm 
mi mmm± £ x if * * * jvj&m in^c^ w^m 
-efe^o »ai»aitiBiiawjE^aT*a«'&tctt coo 

l) E|pj/H-e*SC4:*W*L^*^ S iSS^b 
©JE*fc:J:oT (10 0) Eft&'SJ: (0 0 1) Efi£ 

[0 0 4 6] /W77i> ^D/XA>f h 

S L < ttiKtt ME«BH¥ 9- 1 10 59 2? 

£«Jf\ *ffl^KJ:*«FBIPFl 0-2 8 7 4 9 4^ 

[0 0 4 7] W"F. lia*SO**«li: LT, RSft^ 

77l, PbTi0 3 A^6ft«^oyx*>r hSKftW 

sai, p z T^6a*3»»i«(*W]M*fflv^fc«»»ai^ 

[0 0 4 8] C<DM&7j&%:nM-?Z>^%>rc-?Tte, M 
* tf B 1 5 *«fig<0ilS»S« lSBt^citf 

[0 0 4 9] COa&S^Hl fc*. Hffi5B>yP*Wt6 
n/cK^tfl a^U C^il arttcte, TSPtC 
g*£ 2 «^p-r S * /I/ ^ 3 EH ShTI/^o C(0« 



^3&, [H]$Kf4fe4^^LT : e-^l|OlHllK^S5{C^ 
^tltl5D, COlElte¥S5tCi:oTI5Ilc^n, Wfi2 

[0050] *S3i$gg i iMfctt;tfx«*&*«7*ii 

□ 8^ ±E*;l/^3<Oi«<*T>3*cE«*tiTu^o c 

io <?M«J:9^oTV^o <M/$f3©* £tcT7Tlc 
tt, Z r 1»38»9, TiOx (x = 

i. 6 7) **««&-r«JB2»a»i o. **tfPbo 

H« r «l&'r-5ffi3SISaBl l^EBStiT^So ^tif) 
[0 0 5 1] S?\ ±E^;l/^K:a«*-fey b-f £ Q c 

cm 2 w±<offi«*»oas±jcjgdt"r*ci:WT#So 

20 cntcj;^ *SWO«19«*St*t?f/WX 
S£*tcJ±^crS«>TSfflafe<Di:-r*c4:*<T# 

0 0cm 2 ISTftSo *x>>N£ffiT?tt3:<. SP» 

[0 0 5 2] /^yrmmZtiSMic^ s i SSicaffiffl 
E ! NpBH¥ 9-110 5 9 2 ^a*. »BB¥ 10-28 

749 4^«aHtcEM*nfc«ia^ffi*Mffl"r*c 

30 i:^»$L^o 

[0 0 5 3] C©J:3*«ilSJMfi». ffl«SffiiOS ig 

oTV^o fit, <1<D S iSMbftlBt;*. ^77718 
[0 0 5 4] ^7 7 7lWt^o Rffiffc^/l> 

nny t: P t i:O«H«Jifi^6ft«/^y7 7'H<0JBja»z: 
l 1-3 1 2 8 0 1 ^i>«tcEK*tifc«Jfi 

40 ^jgfig-rss^tcfe. luiemw 11-312801^ 

4>-«* WBB¥9- 1 1 0 5 9 2^ffl®lcEW«n«*" 

[0 0 5 5] ^D^X*^hfflilft»««IO««tt. tu 
110 5 9 2#4i*»cEK*n^ffi* 
ffll^TtT^ C Ll/^o P b T i O3 OJgj3cOI»»C 

tt. SffiaiK« 5 0 0-7 5 OtfctSCilWSL 
<, 5 5 0-6 5 o°Ci:nci:WC)i:KU\ 1 

50 oaBHfl[)iafl^**<ao j f > -rt\ asswtcK^ 



(7) 



*#B82001 -313429 



nM5£*i&lf£ir%c£tf-?ZZ>o mtmzit, fly*, if p 
bT i 0 3 illce^T, P b^/ctiP bOOSI^ 

[0056] ^a^xti^ bmmtmmtcm^zttn 

<D a ttO*^»3^. : eo±(cf^ii-r &%Rtttt«fHtt: 
FJcJ;*3ittS#*3pJfflLra8R*(tBi*cllli^' 

m t &mnmmmm&fr 6 / * - h ji/<dbi * s 

T (0 0 l) Blftbfta«BI*f*«*»*ci:^T4?*o 

[0057] ^tca»i«»nHi*JBfi)c'rso s i »«± 

tcxtf^^->^;l/^5LrcP bT i 0 3 ±tc, ^f)icP 
z Tf^ilftll^xt: #*^-w^fi2-££77i£ 

WTn »»«f«KII4:LTPZT***'r*«^co^ 

[0058] ^D7'X^^ hllttIi±^PZ T 
SPHOJB/Sli, »fttt*X*»ALa^6. PbCk T 
iOx Cx=l. 67). Zr^fn?n©i»^ 

Vzs, N0 2 > 5s;*;l/|««*fflv^C 

*;WbLft»«*fflt^c cftfc <fc !>. 

P Z TR5ISOJB)SB$(C*5^^r. PbS/ittPb O^Fil 

SS^6"CfeSo T i O x <E>^*> D &c T i*Jfl^£4: N 
P bO^T i fcBSR*«*>nP b^^DFl^HLTLS 
3©T\ »$L<ft^o ^ T i O x \Ctstf%> 
£F£ L< fi 1 <x < 1 . 9, J:D»Sl<ti:i^x< 
1. 8. 2£lC#3;L<te 1 . 5^x < 1 . 75, ^(C 
!fSL<(il. 66^x^1. 1. 7 5tWo CfOJ: 

5&T i Ox te, & £M'&W,ft~em 

[0 0 5 9] P ZT«fiK«F<OS««att5 0 0-6 5 0 
50—1. OOOnm/s, <J;D»^L<^0. 100 — 

0. 5 0 0nm/sm fflmmifiM* 

[0 0 6 0] TiOxfcWZr^ 0tteLfc«5Bf£Ji 
^S±tC^R-r^PZT*S 0 B 0 (C^D3A^n^cDT\ B 

ti. COP bO©»tt*3»c*JJSU Pb0^58iBfr& 

os«^©«ie»t*, ^/s^n^> p z TM»aec*» 



^&«^WPb^ (Ti+Zr) fcOJK^JtP b/ 
(Ti+Zr) *E[Pb/rn+Zr)]i:L, *©4:#JB)*S 

nsiaBmwiia*©p u k cr i +z r ) fcojgi^tt 

Pb/(Ti+Zr)^F I Pb/ (Ti+Zr) It Lfc£%^ C 
ft e> ©BBffi^. E [ Pb/ (T i+Zr) ]/ F [Pb/(T i+Zr) ] = 1 . 
5 — 3. 5, »SL<(iE[Pb/(Ti+Zr)]/F [Pb/(Ti+Z 
r)]=l. 7-2. 5, «fc!)»SL<«E [Pb/ (Ti+Zr)] 
/F [Pb/(Ti+Zr)]= 1 . 9 — 2. 3 £ £5 £>OT££ 0 
10 iSMftP bOfe^iMi^o^X^-f' bfflxklcmfrik^ft 
^>PbO(iIffiffiTlML, «£±tcf+.^n:/X 
MitiSOP Z TW7£tt*VSg-r*C fcKftSo E [P 
b/ (T i+Zr) ]/ F [Pb/ (T i+ Zr) ] #/Jn£ f ff S £ . BI'tHC P 

(Ti+Zr) (OJt^fS<*0"rrr«gStt<DSJl/^ 
D/X^hiififc4e>4t\ — E [Pb/ (Ti+Zr)]/ 
F IPb/ (Ti+Zr) iJb^fr-TffSfc^ ,»Pb/ (Ti + 

zr) oit^tf** srr. ^a^x^j^htgo 
20 ig^f#e>n&<*s 0 

[0 0 6 1 ] W±iM3L/c<fc5tC, PbOfcWTiO 
<D P z T«ha#fi«±«i: HlBSE^Wl-cfiScfi-r-So £ 

R«f*»M^s & ft * #ife-e * a o 

[0 0 6 2] ^MifriSW l 0cm 2 ©JgW± 
a«OlaIiieati 1 Orpm K±T6SCi:^ILi\ l»I 

±1 2 Orpm &m£&&o 
[0 0 6 3] W±, »K*f«il«<DJBfiSt*ttOW«l*K 

40 iifcft co^ici. ^^oi^nfc x/^y^y 

[0 0 6 4] ^btc:. CWffif^^TMBEM^ffl 

[0065] w±t«p zT»«i*«j«-rs*ffi«coi/^ 
50 &as»Mo«fiRjcfeafflT*#. ch6o*^?tBa 
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£3 0 B i 3R*ffc««WIKcl3l^Tt> K^*tB i O^ 
lW&^I^TP bOs»58«*B i 2 0 3 z£?gjK 
B i IfcflDWftfc, B i A^a^JBJRK &^m^mc$£ghic 

cooes] m^T^x] *wR<ownm\z, * 

•OWHSWWf**?. AFM (JK?HftMRM) ?u 
-y»»c J: 03iR«f**»«SIE**T*«*IE«l-r« 

BAR*©»ifii?, iivco, mmy^fo*. m. 
nwhkm?* nvco, ii7^;^^Li\ 

[0 0 6 7] ¥*{*7p^Xfc£5imX«\ »H*flS<D 
[0 0 6 8] ^v7Tm<D—ffi*W^\,rcikK^uy7. 

*y ^ r no— auns ott^t «> *o*«e«<»fb lt^ 

BMfcttSWKWU xtf **>^;Vj&KL3:^C £-*>/Wp 
ti. ;^y7 7l*- W^bTi^i/^^tcCi-^P^X 

[0 0 6 9] ^p7X^j^ hffl»fk*»K4: LTP b T 
[0 0 7 0] 

SSttfifli) Si (ioo)m s H l«±^ Zr0 2 
MR. Y 2 0 3 MR. P tMK. PbTi0 3 MM, P 

[0071] st\ affi^ (ioo) ffi^fcScfcsicgj 

JP2 2 5 0 ^mORtStt) ^Ml/Co iKO^XAii 
^4 0%^^ftr>tx^A7k}g^^J; t), 



[0 0 7 2] #tc. B l KiSVrJS**B l K£ 

*ii arttc»B^nrcisiito*5j:tf*p^««*«Arc»s 

*/b^3tc±nMift f i^ l 0" 6 

£:S i BMfcW*ffi^T«BrrSfc«>. gffi£:2 Orpm T 
Hft*-t»\ BS^S*fif\fifitc:/X;l/8^6 2 5cc/»0 
tiJ^TWALOO, 6 0 0°CtciP^L/c o CtitcJ;9g 
«*Htff»IMfc**U £tt»S£JP£ttliim<DS ilMb 

[0 0 7 3] SS^9 0 0°Cto^L. 0(6* 

t/co EllERti 2 0 rpm k Lfco c<0££, 

r*»»»fr6*5ES*Tt(nS^*ffi»C^U MIX 
ITML/cS i«ft«!lcOil7£i:»*JBJ5Ei:*fTofeo 
£/SZ r«Ki, Z r 0 2 <0«Wc»J(LT 

lonmfcbfco commit . XmmfilC&^TZ r 0 2 
0(00 2) e-*A^BBtc««*n. (00 1)#- 

20 fco £/c, L©Zr0 2 IIl H2lC^"r<fc-3li:* R 
H E E Dlcfe^T^X h 'J-^/^->^L, S 

[0 0 7 4] #tC. COZ r 0 2 LfcW»ft 
S«*StEfc U StftSltt 9 0 0°C, 2S£l01i|gjR 2 0 rp 

lY^Mt§ci:i:J;D, Y 2 0 3 m«ML^. 
ilY^Kl Y 2 0 3 OnmfcLfeo 
CCDY 2 0 3 ill^RH E E Df»fcJ\ 0 3U:;S£n&J: 

30 oici/*— y&xtfv ht^-efeofco coct^b, c 
OY 2 0 3 »WI». tSS1t««a»axtf**S/ir;WI!n» 
£9, ^O, ^ffifc Mfla^ffi-rSC £&t>frZ> 0 CCD 
Y 2 0 3 »M^»rffi*. »j|£«7-Mm££DfiHKL 

hffjjOtt^te 9 5 %J^±Tfeofc 0 
[0 0 7 5] 3fc*c, Y 2 0 3 RWH±fc:. ftHWIHfcLT* 

ffs i o onm© p t RMa*jgflcurc 0 a«iais« 700 

°C. StSHtibfttt 2 0 rpm ^L/Co COPtI»RH 
EEDSli, IH4tC^^n^J:3tC^-V-7 P ^:Xhy- 
40 ^ttTfeofco coci:^^ cop tiRtt. ^b b b*I4 

[0 0 7 6] ^/c. P t ^3i^®{COl>T, JIS B 0610 
^<fc5+jiS¥J9a* R z (S^PM^ 1 0 0 Onm) ^ffl^ 
Lfci:C5. 1. 1 — 1. 8nmT*feO, TOfttcfgtlT 

[0 0 7 7] P t mm±iC^ 3 OnmOP b T 

i 0 3 m^Bf&LTzo S<*WtCti. S^6 0 O'CtC/jD 
!»U 2 Orpm -THIES-efco fit, ECRii» 
50 &^s;*;I/»SRiJx* l Occ/57 v OgiJ^T#AL. S« 
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±iCP bCK T i Ox (x = 1. 6 7) Jktft^tKOm 
WM.fr tic £*l P bT i 0 3 WML 

tco ¥<MMfr^(Om^m^? b O : T i 0 2 (D^Jlktfr 

2 : 1 icK&XolcMfflL&tfZft-itco M^ti/cF 

v'tMiL/cli:^oT^/co ffM^tlfcPbT i O 

3 m<Dtmmz. 2 x 1 o 10 Qcm-e&o/c 0 

[0 0 7 8] CCT\ t?fVUX«ji±, PtiWSi 

l\> COil^ P t^Bl±{C{iP bT i 0 3 tecube on 
cubeTxt°^^;lw£:lU P til^#fil^:^i 
Rff±tc^> PbTi0 3 ti:4 5° ffirtlHl^LTXtf 

^-v^fijcfi-r^c^^fe^o ccom^. pzTtiPbT 

i 0 3 SM^^tLTxtf^^^-v^tc^^r^o o£ 
Pt iSj^JttCfi P Z T ticube on cubeTXtf^^v 

-ww&bu p t mmtf&teL*^mm±fci^ pzt 

[0 0 7 9] #tC, PbTi0 3 iSBIJ:^ g^470 
nm(DPZTKML/Co SffiSS^ 6 0 0 °C. Sfelnl 20 
$5^2 0rpm ^LT. E C R BgHiBfr £ ^ ^A'ggifttf 
1 0cc/^OfiJ^T#AL/c o Slfiiitc PbO, T 

iOx (x=l. 6 7) fccktf Z r ttZtl^tLCDMftM 

h «*e-r ^c^tc^DPZT m£«ja l to 

60«$git(i PbO:Zr0 2 : T i 0 2 O^/l/Jt^ 
2:0. 2 5:0. 7 5fc^^J:5tcSiJSSL^:^etTo 

fco 

[0 0 8 0] C^PZTIOM USmt) ^Mxi 

Pb/ (Ti+Zr) = 1. 0 0 30 
Zr/Ti=0. 3 3 0 

[0 0 8 1 ] JB/£2ftrcPZTJSORHE ED«(i, 0 

^LTco Sfc. ±BE®^&-Cft*Lfc, PZT/Pb 
Ti0 3 /Pt /Y 2 0 3 /Zr0 2 /Si (100) 
WifiO«Hi»)180X«laISf*fliJffiLfe|g«. 117 ICtSS 
n£Jc?tc. (100) Sfttt (001) 

x tf # * 5/ -v L fcBPefc % c £ OT»KS nfc 0 40 
[0 0 8 2] C<D8UiSWH*/Ht^T, 081CtkL 

ft«IOFBAR*?«ff«Lfto 
[0 0 8 33 BStSFBARim tf7*-;l/2 1 

tf««*tifcs i (100) mm^mu (wt, wcs 

ilfii:l^) 2 2^tU SiStS2 2±tC. j&{fc«j 
fIi3()^^5A777l2 3, Pt*©SMM4MMfr 
£>&£T±t!!m@2 4. PbTi0 3 ^n7X^^b 
^SHMftSBS 2 5, PZT «(03ilfll*^{VIH 2 6 *5 J; tf 
A uS©»»S«*&a£±«MM2 7#C<DJin?©# 
fc!)Ot'6§ fl tfz*— ;l/2 04»"FffifflJ^e» S i 50 



I*^Vt77A^MLTl / ^ 0 S i 2 2 <DT Di 

^v^yK^j3 otcj:D/^y^--v3 1 (omm^m 

mZtl. ^7^-y3 1 0±iJPttSfi3 3(CcfcD£r±2*l 

[0 0 8 4]^tf, Si (10 0) Sfi2 2±(C, Zr 

0 2 . *5<fctfY 2 0 3 (D/W7712 3> PtOT^m 
112 4 ^COjeTffMLfd£, Ptl2 4^X7f>^ 

bT i 0 3 (D^u?**^ h^{W*Slt2 5. mi^T 
PZTl2 6^11iaDJfMl/c 0 CCT\ Ptli 
W2 0|imx2 0iimT*^o C<Oi:t PbTi 

0 3 StfPZTHO— gp«Y 2 o 3 ICM^nsci: 

Pti, Y 2 0 3 ±^^lcPbTi0 3 fcJ: 
P ZT^ixtf^^S/^yl/fiESLTi^c^^ RH 
E E DlCcfct>«K*nfc 0 PZTiMWZr :T 
i^TO. 2 5:0. 7 5 i:U MHW:5 0 0nm£ 
Lfeo 8ft ^T, A 1^6M±»ti2 7*)Bfilt, S@ 
S«#2 0 /xmX 2 0 |imft £&£J:5tcM£ — >X> 

yanxu Siii£22%x7f>mci:(aoe 

[0 0 8 5] C<DFB AR*^*»JffiLfc 0 »S»C. P 
K#lSJai£SW\ ^tl^*l2. 2 GHz, 2. 5 6 

m*3 1 d B-e&o/co «*Wtts^fl«k**» 
n5©«ftt«, p z TmicmbQ-tzBffimiE&mttut 

[0 0 8 6] ttKOfcft. P b T i 0 3 I«*l/T^4 
l\ PZT/Pt/Y 2 0 3 /Zr0 2 /S i (10 
0) «ifiOiWMWl«fflO^ P B A RJfrf *fls«Lfcp 
«»WHBOff«, fe*tf* : FOff«W*a:±IEOP b T 

i 0 3 l^lfc^i:H:t*§o 

[0 0 8 7] COFBARl^KL/ci:C5, PZ 
T flik: ffl*5f L «f±£: MP L 4 1 >Jf ^ tc li IS A, HttlBfe <fc 

fn2 0dB, 3 3%h, P b T i 0 3 ^^-T^tl^tC 
[0 0 8 8] COCfcfrS. *5I^OfflHSffli, fe£tf 

[0 0 8 9] 

[»W<OSft*3 Si (i0 0)gtg±tc^ 

f P bT i 0 3 m<D^ufXti^ hfflBftft»M*Xlf 
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**S/*;Wafi*-B\ ^<D±(c P Z T*<D3SlR«f*il* 

xt^^v'-vMS^^c^tao, Si (100) 
[0 0 9 0] £/c, /^y^rAf^rx^^y^tCcfcDin 

WbiSftlIIi:lTPbTi03 §0, PZTtC 

[0 0 9 1 ] #S8tlH<D«»SIMti\ SJM^r^X. 
tfF E TW- h £ LT»fi!tLfc¥»#ie«««. fStt 

sB-fe>"9-iiofffliaB«{**^. afm w^niiwm 
ns, f b ARmvmmmm?. livco, mm?* 

JflCSffl-T £ C £ ^T'fSo 20 
[[Hi] *%WOWi»M©JB^i:ffli^en««*»« 

IS 0 H pg«±^ffM^n/cZ r 0 2 SIORHEEDST? 

[^3] tta«Kt*^-rHffi«ffl^«'e*oT. U2tc 

RHEEDft^tZ r 0 2 8f«±tCJBfiK$tirc Y 2 0 3 
il^RH E E D^re&So 

[0 4] ISS«jg«:^-rHffi^ffl^ST**oT. 0 30 
R H E E D«*3KT Y 2 O 3 f8HH±*CJBrit«tlft P t H9 
IORHE E DftTfe^o 

[15] tt»»a**-rHffififfl^-C*or. 0 4tC 
R H E E D««r^-T P t HW±fc:«*«nft P b T i O 



3 flORHEEDllT^^o 

[0 6] SfSSPiS^-rHSf^ffl^KT'feoT, 0 5 tc 
RHE ED»«StP bT i 0 3 S»BI±lCflgJ5JcS ftfc P 
Z TfWJHORHE E DfftT'&So 

[07] PZT/PbTi0 3 /Pt/Y 2 0 3 /Zr 

o 2 /Si (ioo) «5fiT?g«^nrc««»Mox*8 

[0 8] *«WOSWUWH*fflt^Tft«LftFBARilS 



i 
i 

2 
3 
4 
5 
6 
7 
8 
9 

1 0 

1 1 

2 1 

2 2 
2 3 
2 3 
2 4 
2 5 
2 6 

2 7 

3 0 
3 1 
3 2 
3 3 



fg l ISSfgffl 
H3M^S(5 
S i 

Z r 0 2 RWfi 

y 2 o 3 mm 

P t 9Mi 
PbTi0 3 l 
PZTfflH 
A 1 WM 
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